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Abstract
We analyze the possibility of observing new physics effects in the b → d penguin
amplitudes. For this purpose, we consider the decay mode B0d → K0K¯0, which has
only b → d penguin contributions. Using the QCD factorization approach, we find
very tiny CP violating effects in the standard model for this process. Furthermore, we
show that the minimal supersymmetric standard model with LR mass insertion and
R-parity violating supersymmetric model can provide substantial CP violation effects.
Observation of sizable CP violation in this mode would be a clear signal of new physics.
1 Introduction
Recently there have been a lot of interests to look for new physics effect beyond the standard
model (SM). The recent measurement of the indirect CP violating parameter SφKS in the
decay mode B0d → φKS, which is a pure b→ ss¯s penguin induced process, may provide the
first indication of new physics beyond the SM [1]. Within the SM, the mixing induced CP
asymmetry in the B0d → φKS mode is expected to be equal to that of B0d → ψKS [2] within a
correction of O(λ2). The most recent updated data on SφK0 by BABAR [3] agrees within one
standard deviation with the value of SψKS whereas, the Belle data [4] has about 2σ deviation.
Therefore, the presence of new physics (NP) in this mode has not yet been ruled out from
the available data. In principle, the new physics can affect either the B0d − B¯0d mixing or the
decay amplitudes. Since the new physics effect in the mixing can affect equally to both the
cases the above deviation may be attributed to the decay amplitude of B0d → φKS or more
generally to the b → s penguin amplitudes. The next obvious question is: Do the b → d
penguin amplitudes also have significant new physics contribution. The present data does
not provide any conclusive answer to it. The obvious example is the B0d → ππ processes,
which receive contribution from b → u tree and from b → d penguin diagrams. The charge
averaged branching ratios of all the three processes B0d → π+π−, B0d → π0π0 and B± → π±π0
[5] and the CP violating parameters Cpipi and Spipi in B
0
d → π+π− process [6] have already
been measured. The present situation is: the measured branching ratio for the color allowed
process B0d → π+π− is about two times smaller than the QCD factorization calculation and
the measured B0d → π0π0 color suppressed branching ratio is about six times larger than
the corresponding QCD factorization calculations [7]. Thus the discrepancy between the
theoretical and the measured quantities imply the following two consequences.
• The QCD factorization may not be a very successful theory for the charmless B decays.
• There may also be significant new physics effect in the b → d penguins as speculated
in b→ s penguins.
Recently Buras et al. [8] have shown that the observed B → ππ data can be explained
in the standard model if one includes the large nonfactorizable contributions. In this paper
we would like to look into the second possibility i.e., the existence of any new physics in
b → d penguin amplitudes and indeed if it does, could it be detectable. For this purpose,
we consider the decay mode B0d → K0K¯0 which has only b→ d penguin contribution. The
significance of this decay mode is that it originates from b → ds¯s penguins with dominant
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contributions coming from the QCD penguins. If one assumes that the penguin topology is
dominated by internal top quark, the CP asymmetry parameters would vanish in the SM.
However, as pointed out by Fleischer [9], contribution from penguins with internal up and
charm quark exchanges are expected to yield nonzero CP asymmetry in B0d → K0K¯0 mode.
Thus, the study of CP asymmetries in this mode may provide an interesting testing ground
to explore new physics effects. The CP averaged branching ratio has recently been measured
by the BABAR collaboration [10]
B(B0d → K0K¯0) =
(
1.19+0.40−0.35 ± 0.13
)
× 10−6 , (1)
which agrees with the SM predictions [7]. Although, the measured branching ratio does not
provide any indication for a possible new physics effect, the measurements of CP violation
parameters in near future will certainly establish/rule out the possibility of new physics in
the b→ d penguin amplitudes. This decay mode has recently been analyzed by Fleischer and
Recksiegel [11] in the SM. They have shown that this channel may be characterized through
a surface in the observable space from which one can extract the relevant information. In this
paper we consider the impact of new physics effect on the CP violation parameters. We show
that the minimal supersymmetric model with LR mass insertion and the supersymmetric
model with R-parity violation can provide significant CP violation effect, the observation of
which would be a clear signal of new physics.
The paper is organized as follows. In section 2, we discuss the basic formalism of CP vio-
lation. Using QCD factorization approach, we estimate the CP averaged branching ratio and
CP violating parameters in the SM. The effects of new physics on the CP violating parameters
are discussed in section 3. The contributions arising from minimal supersymmetric standard
model with mass insertion approximation and from R-parity violating supersymmetric model
are discussed in subsections 3.1 and 3.2 respectively. Our conclusion is presented in section
4.
2 CP violating parameters in the Standard Model
We first present a very general treatment of the CP violating parameters. The time depen-
dent CP asymmetry for B0d → K0K¯0 can be described by
aKK(t) = CKK cos∆MBdt+ SKK sin∆MBdt , (2)
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where
CKK =
1− |λ|2
1 + |λ|2 , SKK = −
2Im(λ)
1 + |λ|2 . (3)
In the above expression λ corresponds to
λ =
q
p
A(B¯0d → K0K¯0)
A(B0d → K0K¯0)
, (4)
where, q and p are the mixing parameters defined as
q
p
=
√√√√M∗12 − i2Γ∗12
M12 − i2Γ12
. (5)
The off diagonal element of the mass matrix is given by the matrix element of the ∆B = 2
transition as
〈B0d|H∆B=2|B¯0d〉 =M12 −
i
2
Γ12 . (6)
In the standard model, the box diagrams are dominated by the W -boson and top quark in
the loop, as a result of which, one obtains (ignoring terms of O(Γ12/M12))
q
p
=
V ∗tbVtd
VtbV
∗
td
≃ e−2iβ . (7)
The amplitude for the decay mode B0d → K0K¯0, which receives dominant contribution in
the SM from QCD penguins with top quark in the loop can be written as
A(B¯0d → K0K¯0) = VtbV ∗td Pt , (8)
where Vij are the CKM matrix elements which provide the weak phase information and Pt is
the penguin amplitude arising from the matrix elements of the four quark operators of the
effective Hamiltonian. The amplitude for the corresponding CP conjugate process is given
as
A(B0d → K0K¯0) = V ∗tbVtd Pt . (9)
Thus one gets
λ =
(
V ∗tbVtd
VtbV ∗td
)(
VtbV
∗
td
V ∗tbVtd
)
= 1 , (10)
and hence
CKK = SKK = 0 . (11)
Thus if the measured CP violating asymmetries in B0 → K0K¯0 deviates significantly from
zero it would be a clear signal of new physics. However, the decay amplitude also receives
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some contribution from the internal up and charm quarks in the loop. Therefore, the CP
violating parameters may not be zero identically. Now including the effects of u, c, t quarks
in the loop and using CKM unitarity one can write the decay amplitude as
A(B¯0d → K0K¯0) = λuPut + λcPct = λuPut
[
1− rei(δ+γ)
]
, (12)
where λq = VqbV
∗
qd, Pqt = Pq − Pt are the penguin amplitudes, δ = δct − δut is the relative
strong phase between them and γ is the weak phase. The parameter r is defined as
r =
1
Rb
∣∣∣∣PctPut
∣∣∣∣ , with Rb =
(
1− λ
2
2
)
1
λ
∣∣∣∣VubVcb
∣∣∣∣ =
√
ρ¯2 + η¯2 . (13)
Thus one obtains the CP asymmetries as
SKK = −sin 2α + 2r cos δ sin(2β + γ)− r
2 sin 2β
1 + r2 − 2r cos δ cos γ ,
CKK =
−2r sin δ sin γ
1 + r2 − 2r cos δ cos γ , (14)
where α, β and γ are the three angles of the unitarity triangle. Thus, to know the precise
value of the CP violating asymmetries we must know the values of r and δ. The CP averaged
branching ratio for the process is given as
B(B0d → K0K¯0) =
1
2
[
Br(B0d → K0K¯0) + Br(B¯0d → K0K¯0)
]
, (15)
where the individual branching ratios are given as
Br(B0d → K0K¯0) =
τB0 |pc.m|
8πm2B
∣∣∣A(B0d → K0K¯0)∣∣∣2 . (16)
We now use the QCD factorization approach to calculate the branching ratio and CP asym-
metry parameters. The effective Hamiltonian describing the process under consideration
is
Heff = GF√
2
VqbV
∗
qd
[ 10∑
j=3
CjOj + CgOg
]
, (17)
where q = u, c. O3, · · · , O6 and O7, · · · , O10 are the standard model QCD and electroweak
penguin operators respectively, and Og is the gluonic magnetic penguin operator. The values
of the Wilson coefficients at the scale µ ≈ mb in the NDR scheme are given in Ref. [12] as
C3 = 0.014 , C4 = −0.035 , C5 = 0.009 , C6 = −0.041 , C7 = −0.002α
C8 = 0.054α , C9 = −1.292α , C10 = 0.263α , Cg = −0.143 . (18)
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In the QCD factorization approach [7], the hadronic matrix elements can be represented in
the form
〈K0K¯0|Oi|B0d〉 = 〈K0K¯0|Oi|B0d〉fact
[
1 +
∑
rnα
n
s +O(ΛQCD/mb)
]
, (19)
where 〈K0K¯0|Oi|B0d〉fact denotes the naive factorization result and ΛQCD ∼ 225 MeV is the
strong interaction scale. The second and third terms in the square bracket represent higher
order αs and ΛQCD/mb corrections to the hadronic matrix elements.
In the heavy quark limit the decay amplitude for the B0d → K0K¯0 process, arising from
the penguin diagrams is given as
A(B¯0d → K0K¯0) =
GF√
2
∑
q=u,c
VqbV
∗
qd
[
aq4 −
aq10
2
+ aq10a + rχ
(
aq6 −
aq8
2
+ aq8a
)]
X , (20)
where X is the factorized matrix element. Using the form factors and decay constants defined
as [13]
〈K0(pK)|s¯γµb|B¯0d(pB)〉 =
[
(pB + pK)
µ − m
2
B −m2K
q2
qµ
]
F1(q
2)
+
m2B −m2K
q2
qµF0(q
2) ,
〈K¯0(q)|d¯γµγ5s|0〉 = −ifK qµ , (21)
we obtain
X = 〈K0(pK)|s¯γµ(1− γ5)b|B¯0d(pB)〉〈K¯0(q)|d¯γµ(1− γ5)s|0〉
= −ifKF0(m2K) (m2B −m2K) . (22)
The coefficients aqi ’s which contain next to leading order (NLO) and hard scattering correc-
tions are given as [14, 15]
aq4 = C4 +
C3
N
+
αs
4π
CF
N
[
C3 [FK +GK(sd) +GK(sb)]
+ C1GK(sq) + (C4 + C6)
b∑
f=u
GK(sf) + CgGK,g
]
,
aq6 = C6 +
C5
N
+
αs
4π
CF
N
[
C3 [G
′
K(sd) +G
′
K(sb)] + C1G
′
K(sq)
+ (C4 + C6)
b∑
f=u
G′K(sf) + CgG
′
K,g
]
,
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aq8 = C8 +
C7
3
,
aq8a =
αs
4π
CF
N
[
(C8 + C10)
3
2
b∑
f=u
efG
′
K(sf) + C9
3
2
[edG
′
K(sd) + ebG
′
K(sb)]
]
,
aq10 = C10 +
C9
N
+
αs
4π
CF
N
C9FK ,
aq10a =
αs
4π
CF
N
[
(C8 + C10)
3
2
b∑
f=u
efGK(sf) + C9
3
2
[edGK(sd) + ebGK(sb)]
]
, (23)
where q takes the values u and c, N = 3, is the number of colors, CF = (N
2 − 1)/2N . The
internal quark mass in the penguin diagrams enters as sf = m
2
f/m
2
b . The other parameters
in (23) are given as
FK = −12 ln µ
mb
− 18 + f IK + f IIK ,
f IK =
∫ 1
0
dx g(x)φK(x) , g(x) = 3
1− 2x
1− x ln x− 3iπ ,
f IIK =
4π2
N
fKfB
FB→K0 (0)m
2
B
∫ 1
0
dz
z
φB(z)
∫ 1
0
dx
x
φK(x)
∫ 1
0
dy
y
φK(y) ,
GK,g = −
∫ 1
0
dx
2
1− xφK(x) ,
GK(s) =
2
3
− 4
3
ln
µ
mb
+ 4
∫ 1
0
dx φK(x)
×
∫ 1
0
du u(1− u) ln [s− u(1− u)(1− x)− iǫ] ,
G′K,g = −
∫ 1
0
dx
3
2
φ0K(x) = −
3
2
,
G′K(s) =
1
3
− ln µ
mb
+ 3
∫ 1
0
dx φ0K(x)
×
∫ 1
0
du u(1− u) ln [s− u(1− u)(1− x)− iǫ] . (24)
The light cone distribution amplitudes (LCDA’s) at twist two order are given as
φB(x) = NBx
2(1− x)2exp
(
− m
2
Bx
2
2ω2B
)
,
φK(x) = 6x(1− x) , φ0K(x) = 1 , (25)
where NB is the normalization factor satisfying
∫ 1
0 dxφB(x) = 1 and ωB = 0.4 GeV. The
quark masses appear in G(s) are pole masses and we have used the following values (in
GeV) in our analysis
mu = md = ms = 0, mc = 1.4 mb = 4.8.
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rχ = 2m
2
K/(mb −ms)(ms +md) denotes the chiral enhancement factor. It should be noted
that the quark masses in the chiral enhancement factor are running quark masses and we
have used their values at the b quark mass scale as mb(mb)=4.4 GeV, ms(mb)=90 MeV and
md(mb) = 6.4 MeV.
For numerical evaluation we have used the following input parameters. The value of
the form factor at zero recoil is taken as F0(0) = 0.38, and its value at q
2 = m2K can be
obtained using simple pole dominance ansatz [13] as F0(m
2
K) = 0.383. The values of the
decay constants are as fK = 0.16 GeV and fB = 0.19 GeV, the particle masses and the
lifetime of B0d meson τB0 = 1.536 ps are taken from [5]. Thus we obtain the amplitude (in
units of 10−2)
A(B¯0d → K0K¯0) = −
GF√
2
[
VubV
∗
ud (13.56 + i 4.59) + VcbV
∗
cd (14.98 + i 2.06)
]
= −GF√
2
[
VubV
∗
ud
(
14.32 ei18.7
◦
)
+ VcbV
∗
cd
(
15.12 ei7.83
◦
)]
. (26)
We use the values of the CKM matrix elements at the 1σ CL in the Wolfenstein parameter-
ization from Ref. [16] as
λ = 0.2265+0.0025−0.0023 , A = 0.801
+0.029
−0.020 , ρ¯ = 0.189
+0.088
−0.070 , η¯ = 0.358
+0.046
−0.042 , (27)
which correspond to the angles of the CKM unitarity triangle
sin 2α = −0.14+0.37−0.41 , β =
(
23.8+2.1−2.0
)◦
, γ =
(
62+10−12
)◦
. (28)
With these input parameters we obtain the CP averaged branching ratio as
B(B0d → K0K¯0) = (9.15± 0.30)× 10−7 , (29)
which is slightly below the central experimental value (1). Since, we have used the LCDA’s
at twist two order our predicted result is slightly lower than that of Ref. [7] where they have
included the twist three power corrections in the distribution amplitudes. From Eqs. (12)
and (26) one can obtain
r ≈ 2.6 and δ ≈ 11◦ . (30)
With these values we get the CP asymmetry parameters in the SM as
SKK = 0.061 CKK = −0.163 . (31)
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By allowing the CKM matrix elements to vary within their 1σ range as given in Eqs. (27)
and (28), we obtain the correlation between SKK and CKK in the SM as shown in Figure-1,
which gives the constraints
0.02 ≤ SKK ≤ 0.13 , − 0.17 ≤ CKK ≤ −0.15 . (32)
Thus, if the measured values of CP asymmetry parameters will be outside the above ranges,
would be a clear sign of new physics.
-0.17
-0.168
-0.166
-0.164
-0.162
-0.16
-0.158
-0.156
-0.154
-0.152
-0.15
 0.02  0.04  0.06  0.08  0.1  0.12  0.14
 
C K
K
 SKK
Figure 1: The correlation plot between SKK and CKK for the B
0
d → K0K¯0 process in the
SM, where we have used r = 2.6, δ = 11◦ and the CKM parameters are varied within the
range as given in Eqs. (27) and (28).
3 New Physics effects on the CP violating parameters
Here, we consider the effect of new physics on the CP violating parameters. Because of
the new physics contributions, the CP asymmetry parameters (14) become modified. In
principle, the new physics can affect either the B0d− B¯0d mixing or the decay amplitudes. Let
us first investigate its effect in the mixing phenomena. In the presence of new physics, there
are additional contributions to the mixing parameters arising from the new box diagrams.
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These contributions to the ∆B = 2 transitions are often parametrized as [17]√
M12
MSM12
= rme
iθm , (33)
where M12 = M
SM
12 +M
NP
12 is the off diagonal element of the mass matrix, contains contri-
bution both from the SM and from new physics. Hence, the ratio of the mixing parameters
q/p as given in Eq.(5) becomes
q
p
∼ e−2i(β+θm) . (34)
Thus, in the presence of new physics, the mixing induced CP asymmetry in B0d → ψKS can
be given as
SψKS = sin(2β + 2θm) (35)
However, since the present world average on the measurement of SψKS = 0.726± 0.037 [18]
agrees quite well with the SM prediction SψKS = 0.715
+0.055
−0.045 [19], we do not consider the
effect of NP in mixing in our analysis.
Now we consider the effect of new physics on the CP violating parameters arising from
the new contribution to the standard model decay amplitude (12). In the presence of new
physics the amplitude can be written as
A(B¯0d → K0K¯0) = ASM + ANP = λuPut
[
1− rei(δ+γ) + rNP eiθN eiδN
]
, (36)
where rNP = |ANP/λuPut|, θN and δN are the relative weak and strong phase between them.
The amplitude for the corresponding CP conjugate process can be obtained by changing the
sign of the weak phases.
Thus the CP asymmetry parameters (3) become
SNPKK = −
X
Y
, and CNPKK = −
Z
Y
, (37)
where
X = sin 2α+ 2r cos δ sin(2β + γ)− r2 sin 2β + 2rNP cos δN sin(2α + θN)
−2rrNP cos(δ − δN) sin(θN − (2β + γ)) + r2NP sin(2α+ 2θN ) ,
Y = 1 + r2 + r2NP − 2r cos δ cos γ + 2rNP cos δN cos θN
−2rrNP cos(δ − δN) cos(γ − θN ) ,
Z = 2
[
r sin δ sin γ − rNP sin δN sin θN + rrNP sin(δ − δN) sin(γ − θN )
]
. (38)
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The branching ratio in the presence of new physics is given as
Br(B¯0d → K0K¯0) = BrSM
(
1 +
∣∣∣∣ANPASM
∣∣∣∣
2
+ 2rNP
∣∣∣∣ANPASM
∣∣∣∣ cosφN
)
, (39)
where BrSM denotes the SM branching ratio and φN is the relative phase between the new
physics and standard model amplitudes.
Now, we consider two beyond the standard model scenarios: the minimal supersymmetric
standard model with mass insertion approximation and R-parity violating supersymmetric
model and study their effects on CP violation parameters in the following subsections.
3.1 Contribution from minimal supersymmetric standard model
with mass insertion approximation
Here, we analyze the decay process B0d → K0K¯0, in the minimal supersymmetric standard
model (MSSM) with mass insertion approximation. This decay mode receives supersymmet-
ric (SUSY) contributions mainly from penguin and box diagrams containing gluino-squark,
chargino-squark and charged Higgs-top loops. Here, we consider only the gluino contribu-
tions, because the chargino and charged Higgs loops are expected to be suppressed by the
small electroweak gauge couplings. However, the gluino mediated FCNC contributions are of
the order of strong interaction strength, which may exceed the existing limits. Therefore, it
is customary to rotate the effects, so that the FCNC effects occur in the squark propagators
rather than in couplings and to parameterize them in terms of dimensionless parameters.
Here we work in the usual mass insertion approximation [20, 21] where the flavor mixing
i→ j in the down-type squarks associated with q˜B and q˜A are parametrized by (δdAB)ij , with
A, B = L, R and i, j as the generation indices. More explicitly (δdLL)ij = (V
d
L
†
M2
d˜
V dL )ij/m
2
q˜ ,
where M2
d˜
is the squared down squark mass matrix and mq˜ is the average squark mass. Vd
is the matrix which diagonalizes the down-type quark mass matrix.
The new effective ∆B = 1 Hamiltonian relevant for the B → K0K¯0 process arising from
new penguin/box diagrams with gluino-squark in the loops is given as
HSUSYeff = −
GF√
2
VtbV
∗
td
[
6∑
i=3
(
CNPi Oi + C˜
NP
i O˜i
)
+ CNPg Og + C˜
NP
g O˜g
]
, (40)
where Oi (Og) are the QCD (magnetic) penguin operators and C
NP
i , C
NP
g are the new Wilson
coefficients. The operators O˜i are obtained from Oi by exchanging L↔ R.
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To evaluate the amplitude in the MSSM, we have to first determine the Wilson coefficients
at the b quark mass scale. At the leading order in mass insertion approximation the new
Wilson coefficients corresponding to each of the operator at the scale µ ∼ m˜ ∼ MW are
given as [21, 22]
CNP3 ≃ −
√
2α2s
4GFVtbV
∗
tdm
2
q˜
(
δdLL
)
13
[
−1
9
B1(x)− 5
9
B2(x)− 1
18
P1(x)− 1
2
P2(x)
]
,
CNP4 ≃ −
√
2α2s
4GFVtbV ∗tdm
2
q˜
(
δdLL
)
13
[
−7
3
B1(x) +
1
3
B2(x) +
1
6
P1(x) +
3
2
P2(x)
]
,
CNP5 ≃ −
√
2α2s
4GFVtbV ∗tdm
2
q˜
(
δdLL
)
13
[
10
9
B1(x) +
1
18
B2(x)− 1
18
P1(x)− 1
2
P2(x)
]
,
CNP6 ≃ −
√
2α2s
4GFVtbV
∗
tdm
2
q˜
(
δdLL
)
13
[
−2
3
B1(x) +
7
6
B2(x) +
1
6
P1(x) +
3
2
P2(x)
]
CNPg ≃ −
2
√
2παs
2GFVtbV ∗tdm
2
q˜
[ (
δdLL
)
13
(
3
2
M3(x)− 1
6
M4(x)
)
+
(
δdLR
)
13
(
mg˜
mb
)
1
6
(
4B1(x)− 9
x
B2(x)
)]
, (41)
where x = m2g˜/m
2
q˜ . The loop functions appear in these expressions can be found in Ref. [21].
The corresponding C˜i are obtained from C
NP
i by interchanging L↔ R. It should be noted
that the (δdLR)13 contribution is enhanced by (mg˜/mb) compared to the contribution from
the SM and the LL insertion due to the chirality flip from the internal gluino propagator in
the loop.
The Wilson coefficients at low energy CNPi (µ ∼ mb), can be obtained from CNPi (MW )
by using the Renormalization Group (RG) equation as discussed in Ref. [12], as
C(µ) = U5(µ,MW )C(MW ) , (42)
where C is the 6×1 column vector of the Wilson coefficients and U5(µ,MW ) is the five-flavor
6× 6 evolution matrix. In the next-to-leading order (NLO), U5(µ,MW ) is given by
U5(µ,MW ) =
(
1 +
αs(µ)
4π
J
)
U
(0)
5 (µ,MW )
(
1− αs(MW )
4π
J
)
, (43)
where U
(0)
5 (µ,MW ) is the leading order (LO) evolution matrix and J denotes the NLO
corrections to the evolution. The explicit forms of U5(µ,MW ) and J are given in Ref. [12].
Since the Og contribution to the matrix element is αs order suppressed, we consider only
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leading order RG effects for the coefficient CNPg , which is given as [23]
CNPg (mb) =
(
αs(mq˜
αs(mt)
)2/21 (
αs(mt)
αs(mb)
)2/23
. (44)
For the numerical analysis, we fix the SUSY parameter as mq˜ = mg˜ = 500 GeV, αs(MW ) =
0.119, αs(mb = 4.4 GeV)=0.221, αs(mt = 175 GeV)=0.107. Now substituting the values of
the RG evoluted Wilson coefficients CNPi (mb)’s in Eq. (23) we obtain the corresponding ai’s
and hence with Eq. (20) the amplitude. Assuming that all the mass insertion parameters
(δdAB)13 have a common weak phase, we obtain the fraction of new physics amplitude as
defined in Eq. (36)
rNP ≃ 0.33
(
|(δdLL)13| − |(δdRR)13|
)
+ 465.86
(
|(δdLR)13| − |(δdRL)13|
)
. (45)
It should be noted that because of the opposite chiral structure of the currents Oi and O˜i, the
LL and RR and also the LR and RL contributions occur with opposite sign. As seen from
Eq. (45), the LR(RL) insertions have dominant effect because of the mg˜/mb enhancement.
We use the limits on the (δdLL)13 and (δ
d
LR)13 mixing parameters from [24] for x = 1 as
|(δdLL)13| ≤ 0.2 |(δdLR)13| ≤ 0.01 (46)
and assume that only one of these gives a dominant SUSY contribution. This gives (rNP )LL ≤
6.6 × 10−2 and (rNP )LR ≤ 4.66. Since the new physics effect due to LL insertion is almost
negligible it will not provide any significant effect on the CP violating observables. The
correlation plot between CNPKK and S
NP
KK for LL insertion is shown in Figure-2, where we use
r = 2.6, δ = 11◦ as obtained from QCD factorization analysis, the central values of the
CKM weak phases from (28), the relative weak phase θN = π and vary the relative strong
phase δN between 0 and 2π. In this case, because of the negligible new physics contribution
one gets only tiny CP violating effects. In Figure-3, we present the correlation plot for LR
insertion, where we have used (rNP )LR = 4.66, 0 ≤ δN ≤ 2π and a representative set of weak
phases θN = π, π/2, π/3, π/4. For r and δ, we have used the values as obtained from QCD
factorization (30). As expected, in this case large CP violation can be generated.
The branching ratio (39) versus φN is plotted in Figure-4 for |ANP/ASM | = 2.19. One
can see from Figure-4 that the observed data can be easily accommodated in minimal su-
persymmetric standard model with LR mass insertion.
Thus in future, if sizable CP violation effects will be observed in B0d → K0K¯0 mode, the
minimal supersymmetric standard model with LR mass insertion may be a strong contender
of new physics to explain the data.
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Figure 2: The correlation plot between SNPKK and C
NP
KK for the B
0
d → K0K¯0 process in the
MSSM with only LL insertion, where we have used (rNP )LL = 6.6 × 10−2, the weak phase
θN = π, r = 2.6, δ = 11
◦ and varied the strong phase δN between 0 and 2π.
3.2 R-parity violating supersymmetric contribution
We now analyze the decay mode in the minimal supersymmetric model with R-parity vi-
olation (RPV). In the supersymmetric models there may be interactions which violate the
baryon number B and the lepton number L generically. The simultaneous presence of both
L and B number violating operators induce rapid proton decay, which may contradict strict
experimental bound. In order to keep the proton lifetime within the experimental limit, one
needs to impose additional symmetry beyond the SM gauge symmetry to force the unwanted
baryon and lepton number violating interactions to vanish. In most cases this has been done
by imposing an ad hoc symmetry called R-parity defined as, R = (−1)(3B+L+2S), where S
is the intrinsic spin of the particles. Thus R-parity can be used to distinguish the particles
(R = +1) from their superpartners (R = −1). The conservation of R-parity implies that the
supersymmetric particles must be produced in pairs and the lightest supersymmetric particle
(LSP) must be stable. However, there is no compelling reason to require the conservation of
R-parity. Less restrictive symmetries- conservation of baryon/lepton number alone can be
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Figure 3: The correlation plot between SNPKK and C
NP
KK for the B
0
d → K0K¯0 process in the
MSSM with LR mass insertion, where we have used r = 2.6, δ = 11◦, (rNP )LR = 4.66, a set
of weak phases θN = π, π/2, π/3, π/4, and varied the strong phase δN between 0 and 2π.
imposed to prohibit the unwanted proton decay. Extensive studies has been done to look for
the direct as well as indirect evidence of R-parity violation from different processes and to
put constraints on various R-parity violating couplings [25].
Here, we consider only the lepton number violating effects. The most general R-parity
and lepton number violating super-potential is given as
W6L =
1
2
λijkLiLjE
c
k + λ
′
ijkLiQjD
c
k , (47)
where, i, j, k are generation indices, Li andQj are SU(2) doublet lepton and quark superfields
and Eck, D
c
k are lepton and down type quark singlet superfields.
Thus the relevant four fermion interaction induced by the R-parity and lepton number
violating model is
H6R = − 1
2m2ν˜i
η−8/β0
[
λ′i31λ
′∗
i22(s¯αγµLbβ)(d¯βγ
µRsα) + λ
′∗
i13λ
′
i22(s¯αγµRbβ)(d¯βγ
µLsα)
+ λ′i32λ
′∗
i12(d¯αγµLbβ)(s¯βγ
µRsα) + λ
′∗
i23λ
′
i21(d¯αγµRbβ)(s¯βγ
µLsα)
]
, (48)
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Figure 4: The branching ratio of B¯0d → K0K¯0 process (in units of 10−6) versus the phase
φN (in degree). The horizontal solid line represents the experimental central value and the
dotted lines represent the 1σ range.
where η =
αs(mf˜i
)
αs(mb)
and β0 = 11− 23nf . The QCD correction factor η−8/β0 arises due to running
from the sfermion mass scale mf˜i (100 GeV assumed) down to the mb scale.
The amplitude for B0d → K0K¯0 process in the RPV model is given as
A6R(B
0 → K0K¯0) = − 1
8m2ν˜i
η−8/β0X
[
1
N
(
λ′i22λ
′∗
i13 − λ′i31λ′∗i22
)
− 2m
2
K
(mb −ms)(md +ms)
(
λ′i21λ
′∗
i23 − λ′i32λ′∗i12
)]
, (49)
where we have kept only the leading order factorization contributions. We use the parame-
terization λ′i22λ
′∗
i13 = −λ′i31λ′∗i22 = keiθ and λ′i32λ′∗i12 = −λ′i21λ′∗i23 = k1eiθ, assuming the same
weak phase for all the RPV couplings. The limits on the couplings |λ′i32λ′∗i12| = |λ′i21λ′∗i23|
are obtained from B0d → φπ decay in Ref. [26]
k1 = |λ′i32λ′∗i12| = |λ′i21λ′∗i23| ≤ 4.0× 10−4 . (50)
In our analysis we use k = k1 ≤ 4.0× 10−4 and obtain the new physics parameter
rNP ≤ 3.92 . (51)
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The correlation plot between CNPKK and S
NP
KK for the above value of rNP is shown in Figure-5,
for some representative values of the weak phase and 0 ≤ δNP ≤ 2π. The values of r and
δ are used as derived from QCD factorization. In this case also one can get observable CP
violation effects. Plotting the branching ratio (39) vs. φN for |ANP/ASM | = 1.84 we can see
from Figure-4 that the observed branching ratio can be easily accommodated in the RPV
model.
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Figure 5: The correlation plot between SNPKK and C
NP
KK in the RPV model for rNP = 3.92,
r = 2.6, δ = 11◦, θN = π, π/2, π/3, π/4 and 0 ≤ δN ≤ 2π
4 Conclusion
The recent measurement of the mixing induced CP asymmetry in B0d → φKS which has
significant deviation from sin(2β)ψKS may provide the first indication of new physics effects
present in the b→ s penguin amplitudes. In this paper, we have investigated the possibility
of observing new physics effects in the b → d penguin amplitudes. We have considered
the decay mode B0d → K0K¯0 which proceeds through the quark level FCNC transition
b→ ds¯s, receiving contributions only from one-loop b→ d penguin diagrams. If one would
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assume only the top quark exchange in the penguin loop as usually done, the CP asymmetry
parameters would vanish in the SM. However, contributions from penguins with internal
up and charm quark exchanges are expected to yield small non-vanishing CP asymmetries.
Thus, if significant CP asymmetries will be found in this channel then it would be a clear
indication of new physics effects in b → d penguin amplitudes. However, as discussed
in Ref. [27], the nonfactorizable long-distance charm penguins may also give significant
contributions which in turn yield sizable CP asymmetries. In that case it is practically
impossible to disentangle the new physics effects from the nonfactorizable charm and GIM
penguins without any additional assumptions. However, very recently, it has been pointed
out by Beneke et al [28] that the nonfactorizable charm penguin contributions are of higher
order in 1/mb expansion. Thus the observation of sizable CP asymmetry in this mode may
be considered as the signal of new physics.
Using QCD factorization approach, we found the CP averaged branching ratios in the
SM for B0d → K0K¯0 process as ∼ 0.9 · 10−6, which is slightly below the present experimental
value. The CP asymmetry parameters are found to be SKK = 0.06 and CKK = −0.16.
Allowing the CKM parameters to vary within their 1σ limits, we obtained the allowed ranges
as 0.02 ≤ SKK ≤ 0.13 and −0.17 ≤ CKK ≤ −0.15. If the observed values would deviate
significantly from the above ranges would be a clear signal of new physics. We next analyzed
the decay mode in the MSSM with mass insertion approximation and found that the LR
insertion has significant effects than the LL or RR insertions. In this case one can have
significant CP violating asymmetries. Considering the R-parity violating supersymmetric
model we found that one can also obtain significant CP violation with the present available
RPV couplings. Therefore, the future experimental data on B0d → K0K¯0 CP violating
parameters will serve as a very good hunting ground for the existence of new physics beyond
the SM and also support/rule out some of the existing new physics models.
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